Summary. The superovulatory response of Dutch-belted does injected with several standard gonadotrophin preparations twice daily for 3 days at 12, 16 and 20 weeks of age and in adult animals was examined to determine the relationship between age, dose and response. The effects of age and the age x treatment interaction were highly significant (P< 0\m=.\01). At 12 weeks of age 0\m=.\31 mg and 0\m=.\50 mg fsh/day resulted in over\x=req-\ stimulation without ovulation. Prepriming with progesterone apparently counteracted high fsh levels at this age because 0\m=.\125 mg fsh with and without progesterone resulted in 16\m=.\8and 1\m=.\8ovulation points respectively. Similar results were obtained at 16 weeks of age, but at 20 weeks of age the number of ovulation points was lower in the progesterone-treated groups. Adult rabbits responded with a mean of 53\m=.\7 ovulations following administration of 0\m=.\50 mg of fsh. Overstimulation reduced the rate of egg recovery. This was attributed partially to the effect of endogenous oestrogen production on the rate of egg transport and partially to eggs being trapped in follicles.
INTRODUCTION
Since Smith & Engle (1927) successfully elicited superovulation in mice many reports have appeared extending this observation to other species (Willett, 1953; Greenwald, 1961a; Wilson & Zarrow, 1962; Deanesly, 1963) . Rabbits respond well to the administration of exogenous gonadotrophins either by precocious ovulation or superovulation or both (Hertz 8c Hisaw, 1934; Foster & Fevold, 1938; Pincus, 1940; Parkes, 1942-44; Adams, 1953 Adams, ,1954 . These reports, however, involved crude extracts of gonadotrophins prepared for experimental use and superovulation procedures using standard gonadotrophin preparations have been lacking. Also most workers have used mixed breeds of rabbits of unknown age and origin, and previous reports have indicated that body weight is an unsatisfactory means for judging physiological age with respect to sexual maturity (Parkes, 1942-44; Foote, Hafs, Staples, Grégoire & Bratton, 1963) . For these reasons the effectiveness of superovulation as a research tool in rabbits has been restricted.
The objectives of this investigation were (1) to develop a standard procedure J. J. Kennelly and R. H. Foote for inducing superovulation in Dutch-belted rabbits and (2) to determine the optimal hormone dose for immature and mature does.
MATERIALS AND METHODS
Virgin Dutch-belted rabbits 12, 16 and 20 weeks of age from our own colony, and similar adult does 8 to 24 months of age of proven fertility were used in this study. All The thirteen does were killed 26 hr after plh injection and the oviducts and uteri individually flushed with several ml of saline as described previously for oviducts. The separation between oviduct and uterus was made by cutting the oviduct approximately 2 mm above the tubo-uterine junction. The resulting oviducal fragment served conveniently to secure the flushing needle. Further¬ more, since ova pass rapidly through this segment (Greenwald, 1961a) ovum loss due to the mechanics of flushing was thereby minimized.
The data were analysed statistically according to procedures outlined by Henderson (1959) . In the analysis it was assumed that treatments (T) and ages (A) were fixed classifications and does (D) and ovaries (O) random classifica¬ tions. Duncan's New Multiple Range Test (Steel & Torrie, 1960 ) was used to test for significance among treatment means.
RESULTS
The number of ovulations, number ofova recovered, percentage ofova recovered and ovarian weight for the nine treatments at each age level are summarized in Table 1 . Analysis of variance of the number of ovulation points and ovarian weight at each age (Table 2) showed that treatments and does within treatments generally differed significantly (P<0-01). Analysis of variance of the number of ovulation points over all ages indicated that the effects of age and the treat¬ ment xage interaction were highly significant (P<0-01). These Twenty-week group All treated groups, excepting the progesterone + pms group, showed sig¬ nificantly more ovulations than the controls (P<0-05). The 0-125 and 0-31 mg fsh groups responded best with 50-8 and 47-9 ovulation points. Progesterone +0-50 mg fsh resulted in 44-3 ovulations, a value not significantly different from the higher values {P> 0-1). Of particular interest at this age is the observa¬ tion that progesterone priming increased the number of ovulations in the 183 groups given 0-50 mg fsh, 44-3 compared with 29-1, but decreased the number of ovulations in the groups given 0-125 mg fsh, 50-8 compared with 32-6 ( Table 1) .
The ovarian weight of 809 mg in the progesterone +0-50 mg fsh group was the only group which differed significantly (P<0-05) from the control value of 554 mg. Nevertheless, the ovarian weights for the groups receiving the higher doses of fsh did exceed the weights of control ovaries.
Adult group
The number of ovulation points was directly related to the dose of fsh administered. The 0-50 mg fsh group showed the greatest response with 53-7 ovulation points and the 0-062 mg group showed the least response with 16-6 ovulation points. Pretreatment with progesterone usually resulted in fewer ovulations than in the corresponding groups without progesterone, but the differences were not significant (P>0-1). The higher levels of fsh again were associated with the higher ovarian weights but treatments did not differ sig¬ nificantly from the control value ( >0·1).
PROPORTION OF EGGS RECOVERED
The ovarian response at 12 weeks for all treatments was so limited that little significance is attached to differences among treatments with respect to eggs recovered. It is noteworthy, however, that the highest fsh levels were associated with the highest ovarian weight and lowest proportion of eggs recovered, a relationship similar to that observed in the three older groups. In the latter groups the 0-50 mg and 0-31 mg fsh treatments generally showed the lowest percentage recovery of eggs (Table 1 ) . Overstimulation was characterized by excessive follicular development with cystic and or haemorrhagic follicles. Eggs were observed in ruptured follicles of the 16 and 20 week groups. These eggs were either free in the lumen (PI. 1, Fig. 1 ) or still within the granulosa layer (PI. 1, Fig. 2 ). The oocytes in the large cystic follicles usually had com¬ pleted the first meiotic division.
SUPEROVULATED OVA AND FERTILIZATION
Artificial insemination of the adult does in each treatment group resulted in fertilization (Table 3) . Does were divided into two groups depending upon whether or not cleaved ova were present. Cleavage was considered to reflect accurately that fertilization had occurred since normal cleaved ova were never collected from any of the non-inseminated does. The proportion of fertilized ova from all inseminated does was 66%, whereas the proportion for all does with cleaved ova was 86%. The treatments involving progesterone resulted in the lowest levels offertilization. On the basis of all does inseminated the progesterone treatments with 0-125 mg fsh, 0-50 mg fsh and pms resulted in rates of 54, 45 and 49% of the eggs fertilized respectively. In the does with no fertilized ova sperm were not observed in the vicinity of the ova or in the flushings. Since progesterone is known to interfere with sperm transport (Austin, 1949) fertiliza¬ tion failure was presumably due to progesterone interference with the sperm transport mechanism, although progesterone is also known to interfere with capacitation (Chang, 1958 between plh administration and ovulation. The total number of ovulation points 15 hr after plh injection was 133 and at autopsy, 26 hr after plh injection, 210 were counted. Although it was difficult to count ovulation points in the intact animal some individual doe differences were too large to be attributed to inaccurate counts. This suggests that ovulation extended beyond the normal range of 9-5 to 13 hr (Harper, 1961) . These data also indicated that manipula¬ tion of the ovaries and oviducts 8 and 15 hr after plh injection reduced the ovum recovery rate. Does without cervical ligatures showed an ovum recovery of 26% for the manipulated side and 38% for the control or undisturbed side. The difference was more apparent in the group with cervical ligatures where 15 and 73% ova were recovered from the manipulated and control sides. A total offour ova was recovered from the uteri of both groups, one from the group without the ligature and three from the group with the ligature. However, 32 of 51 ova recovered from a control doe were flushed from the uteri (Table 4) of Hertz & Hisaw (1934) and Adams (1954) that superovulation in the rabbit must be preceded by onset of antrum formation. Beatty (1958) reported that the number of corpora lutea formed by superovulated rabbits was determined by the age of the does. The results of the present study ( (Pincus, 1940) (Murphree, Warwick, Casida & McShan, 1947; Austin, 1949; Chang, 1958) (Robinson, 1951; Willett, 1953; Green¬ wald, 1961b; Deanesly, 1963) . Greenwald (1961a) has shown that small doses of exogenous oestrogen hasten ovum transport in the rabbit. In the present study the possible overproduction of endogenous oestrogen by the stimulated ovary may partially explain the loss of eggs. Whether or not failure of the ovum pickup mechanisms by the oviduct was responsible for additional loss of ova was not determined.
